Recently, the ARID1A gene has been identified as a novel tumor suppressor in ovarian clear cell carcinoma. The prognostic significance of the loss of ARID1A expression is not known. The current study was designed to evaluate whether ARID1A was a prognostic factor for progression, survival, and chemoresistance in ovarian clear cell carcinoma. A total of 60 patients, who were surgically treated for primary ovarian clear cell adenocarcinoma, were enrolled. Surgical specimens were examined for ARID1A protein expression by immunohistochemistry. The correlations between the loss of ARID1A expression and clinicopathological characteristics, prognosis, and chemosensitivity were investigated. Loss of ARID1A expression was identified in 9 (15.0%) of 60 ovarian clear cell carcinoma samples. Loss of ARID1A staining intensity (0 þ ) was more frequently found in cells of clear cell carcinomas than in high-grade serous carcinomas (Po0.01). Loss of ARID1A expression was significantly correlated with advanced FIGO stage and high CA125 levels (P ¼ 0.02, 0.01). There were no significant correlations between loss of ARID1A expression and patient age, status of residual tumor, Ki-67 labeling index, or the status of endometriosis. Loss of ARID1A correlated with shorter progression-free survival of patients with clear cell carcinomas treated with platinum-based chemotherapy (Po0.01). Loss of ARID1A expression tended to correlate with shorter overall survival in patients with ovarian clear cell carcinomas treated with platinum-based chemotherapy. When data were stratified for the multivariate analysis, only the loss of ARID1A expression remained a significant (P ¼ 0.03) predictor of reduced progressionfree survival. Of the 60 patients with ovarian clear cell carcinomas, 14 patients had measurable residual tumor after primary cytoreductive surgery. Tumors with loss of ARID1A expression were more likely to be chemoresistant than tumors with positive ARID1A expression (100.0 vs 40.0%, P ¼ 0.04). This study demonstrates that loss of ARID1A in ovarian clear cell carcinoma is a negative prognostic factor in patients treated with platinum-based chemotherapy. Measurement of ARID1A expression may be a method to predict resistance to platinum-based chemotherapy in patients with ovarian clear cell carcinoma.
Ovarian cancer is the most lethal gynecological malignancy in the world 1 and its incidence has increased in the last decade. Despite a dramatic improvement in the survival rate of patients following the introduction of platinum-taxane combination chemotherapy, 2-4 the 5-year overall survival rate remains around 45%. Ovarian carcinoma is subdivided into four major histological types: serous, mucinous, endometrioid, and clear cell. Of these, ovarian clear cell carcinoma, which constitutes around 25% of cases in Japan, is genetically distinct from the other histological types. Ovarian clear cell carcinoma is diagnosed at an early stage in B60% of patients; however, it carries a worse prognosis because resistance to conventional cytotoxic chemotherapeutic agents is common even with early disease. [5] [6] [7] Identification of the molecular pathways, which confer chemoresistance in ovarian clear cell carcinoma is essential for the development of novel targeted therapeutic agents.
Unlike serous carcinomas, morphological and molecular studies have clearly linked clear cell carcinoma to an endometrosis precursor lesion, which, in a stepwise fashion, develops atypia before progressing to invasive carcinoma. [8] [9] [10] [11] [12] Mutations in PIK3CA 13 and genomic amplification of chr20q13.2 14 are presently the most common molecular genetic alterations in ovarian clear cell carcinoma. Our recently published genome-wide sequencing analysis of ovarian clear cell carcinomas, however, has led to the discovery of somatic mutations in the novel tumor suppressor ARID1A.
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BAF250a, the protein encoded by ARID1A (the AT-rich interactive domain 1A (SWI-like) gene), 16, 17 is one of the accessory subunits of the SWI-SNF complex. The SWI-SNF chromatin remodeling complex, present in all eukaryotes, regulates gene expression for many cellular processes, including development, differentiation, proliferation, DNA repair, and tumor suppression. 18 The complex uses ATP to mobilize nucleosomes, thereby modulating the accessibility of promoters to transcriptional activation or repression. ARID1A rearrangement has been found in a breast cancer cell line, and an ARID1A deletion has been identified in a lung cancer cell line. These suggest that ARID1A is a tumor-suppressor gene. 19 The role of ARID1A as a tumor suppressor is also supported by the nature and pattern of its mutations in ovarian clear cell carcinoma. 15, 20 Although ARID1A mutation is proving to be a frequent alteration in ovarian clear cell carcinoma, its clinicopathological and prognostic role is unclear. The current study examined the prognostic significance of loss of ARID1A expression in ovarian clear cell carcinoma by investigating the relationship between ARID1A immunohistochemical expression and various clinicopathological variables in ovarian clear cell carcinoma. Finally, we assessed the utility of ARID1A as a prognostic and chemoresistance marker in ovarian clear cell carcinoma.
Materials and methods

Tissue Samples
Formalin-fixed, paraffin-embedded tissue samples of 77 ovarian cancers, including 60 clear cell carcinomas, and 17 high-grade serous adenocarcinomas were used in this study. 
Immunohistochemistry
Expression levels of ARID1A and Ki-67 were assessed by immunohistochemistry. The antibodies used in this study were a mouse monoclonal antibody to ARID1A (BAF250a) (Santa Cruz Biotechnology, Santa Cruz, CA) and the mouse monoclonal antibody to Ki-67, MIB1 (DAKO, Carpinteria, CA, USA). Immunohistochemistry studies for ARID1A and Ki-67 were performed on tissue microarrays at a dilution of 1:50 or 1:100 followed by detection with the En Vision þ System using the peroxidase method (DAKO). After antigen retrieval in a sodium citrate buffer, slides were incubated with antibody overnight at 41C. Slides for all samples were evaluated with a light microscope by two researchers who were blind to the clinicopathologic factors. ARID1A immunoreactivity was scored by the two investigators as follows: 0: undetectable, 1 þ : weakly positive, 2 þ : moderately positive, and 3 þ : intensely positive. The evaluation criteria for Ki-67 has been detailed in a previous report. 21 
Statistical Methods for Clinical Correlation
Overall survival was calculated from the date of diagnosis to the date of death or last follow-up. Survival data were plotted as Kaplan-Meier curves, and the statistical significance was determined by 
Results
Identification of Loss of ARID1A Expression in Ovarian Clear Cell Carcinomas
Loss of ARID1A expression was identified in 9 (15.0%) of 60 ovarian clear cell carcinoma samples. We also analyzed ARID1A expression in 17 highgrade serous adenocarcinoma samples to confirm whether loss of ARID1A is ovarian clear cell carcinoma specific. Expectedly, none of the highgrade ovarian serous adenocarcinoma samples (0/17, 0%) showed loss of ARID1A expression. Immunoreactivity of ARID1A was detected in tumor cell nuclei ( Figure 1 ). Loss of ARID1A staining intensity (0 þ ) was more frequently found in cells of ovarian clear cell carcinomas than in high-grade ovarian serous adenocarcinomas (Po0.01, w 2 -test) ( Table 1) .
Relationship Between the Loss of ARID1A Expression and Clinicopathologic Factors
Results in Table 2 demonstrate that loss of ARID1A expression significantly correlated with advanced FIGO stage and high CA125 levels (P ¼ 0.02, 0.01). There were no significant correlations between loss of ARID1A expression and patient age, status of residual tumor, Ki-67 labeling index or the status of endometriosis.
Patients were stratified into one of two groups depending on ARID1A immunohistochemical intensity. Loss of ARID1A (ARID1A immunointensity 0 þ ) was observed in 15% (9/60) of the analyzed tumors.
Effect of Loss of ARID1A Protein Expression on Progression-Free Survival
We looked for a possible prognostic effect of loss of ARID1A protein expression on progression-free survival. Kaplan-Meier estimates of progressionfree/overall survival are plotted in Figure 2 . Of the total of 60 patients diagnosed at stages I-IV, nine patients with loss of ARID1A expression had a shorter progression-free survival than those with positive ARID1A expression (Po0.01; Log-rank test) (Figure 2a) . A univariate analysis demonstrated that FIGO stage III, IV (Po0.01; Log-rank test), CA125 levels (P ¼ 0.01; Log-rank test), residual tumor 2 cm (Po0.01; Log-rank test), and loss of ARID1A expression (Po0.01; Log-rank test) correlated with shorter progression-free survival. When the data were stratified in the multivariate analysis, only loss of ARID1A expression remained significant (P ¼ 0.03) for shorter disease-free survival ( Table 3) .
Effect of Loss of ARID1A Protein Expression on Overall Survival
Next, we examined any overall prognostic effect of loss of ARID1A protein expression. Loss of ARID1A expression tended to correlate with shorter overall survival in patients with ovarian clear cell carcinomas treated with platinum-based chemotherapy (P ¼ 0.15; Log-rank test) (Figure 2b ). The univariate analysis demonstrated that FIGO stage III, IV (Po0.01; Log-rank test), CA125 levels (P ¼ 0.01; Log-rank test), and residual tumor^2 cm (Po0.01; Log-rank test) significantly correlated with shorter overall survival. When data were stratified for the multivariate analysis, only residual tumor (^2 cm) remained a significant (P ¼ 0.04, respectively) predictor for shorter overall survival (Table 4) .
Relationship Between Loss of ARID1A Expression and Chemotherapeutic Response
Of the 60 ovarian clear cell carcinoma patients, 14 patients had measurable residual disease after the primary cytoreductive surgery. Of these 14 patients, six (42.8%) responded to chemotherapy and eight (57.2%) did not. Tumors with loss of ARID1A were more likely to be resistant to primary adjuvant chemotherapy than were tumors with positive AR-ID1A expression (100.0 vs 40.0%, P ¼ 0.04) ( Table 5) .
Discussion
ARID1A, a recently identified tumor suppressor gene, is mutated in B50% of ovarian clear cell and 30% of ovarian endometrioid carcinomas. 15, 20 The clinical significance of ARID1A mutation is unknown. Recently, Maeda et al 22 reported that ARID1A mutation was significantly correlated with the loss of ARID1A protein expression using immunohistochemistry. Therfore, we evaluated the clinicopathological and prognostic significance of ARID1A immunoreactivity in ovarian clear cell carcinoma.
In the current study, the higher frequency of loss of ARID1A expression in ovarian clear cell carcinomas compared with ovarian high-grade serous adenocarcinomas is a finding of interest. It supports the hypothesis that ovarian clear cell carcinomas may be distinguished from their more common serous counterparts based on characteristic alterations in gene sequences and expression. 12, 23 Additionally, this observation further supports the theory that each histological type of ovarian carcinoma arises from a distinct molecular pathway. Our most notable finding is that loss of ARID1A in ovarian clear cell carcinomas predicted a shorter progression-free interval. To date, there are a few molecular markers that predict the risk of early tumor recurrence in ovarian clear cell carcinomas. 26, 27 Therefore, loss of ARID1A expression may have the potential to be used alone or in combination with other markers to identify ovarian clear cell carcinoma patients who are more susceptible to early recurrence. This is important because at least 60% of advanced-stage ovarian clear cell carcinoma patients with a complete response to primary therapy ultimately develop recurrent disease. 28 Taken together, these observations may have an impact on clinical management. Patients with recurrent ovarian clear cell carcinomas derive the most benefit from secondary cytoreduction if recurrent tumors are small and localized. [28] [29] [30] [31] [32] Therefore, patients with loss of ARID1A may be followed more frequently to detect recurrences early enough to benefit from either secondary cytoreductive surgery or secondline chemotherapy. A recent study has shown that a significant correlation exists between the loss of ARID1A immunostaining and ARID1A mutation. 20 This indicates that the immunohistochemical analysis of ARID1A may be a useful strategy for mutational analysis in the clinical setting.
24,25
In the current study, the percentage of ovarian clear cell carcinomas with negative ARID1A is lower than what has been previously published. 20, 22 Lack of a consistent the percentage may be the result of study biases. First, differences in the methodological protocols, including the source and dilution of the antibodies and the systems used to assess negative immunohistochemical reactions, may produce significant variability among results. Second, the sample sizes of these studies, including the present one, are relatively small. Larger studies are required to definitively establish the percentage of loss of ARID1A expression on ovarian clear cell carcinomas.
In the current study, patients with ARID1A-negative tumors had a significantly inferior response to chemotherapy when compared with patients who had ARID1A tumors. The fact that loss of ARID1A expression assessed by immunohistochemistry is an independent predictor of the progression-free interval in ovarian clear cell carcinomas attests to its value as a marker for predicting platinum resistance. In general, the prognosis of patients with clear cell adenocarcinoma is poor, which is largely due to a low response rate to conventional platinum-or taxane-based chemotherapy. 5, 6, 33 In a large retrospective study comparing 101 cases of clear cell carcinoma and 235 cases of serous 5 showed that survival rates of stage III clear cell carcinoma patients were significantly lower than those of stage III serous adenocarcinoma patients. In their study, the response rate to platinum-based chemotherapy in patients with clear cell carcinoma was significantly lower than that in patients with serous adenocarcinoma. Currently, little is known about the role ARID1A has in chemoresistance. Our results suggest a need to investigate the possible link between loss of ARID1A expression and chemoresistance in ovarian clear cell carcinoma.
In the current study, all the patients were treated with either platunum and taxane combination or platinum and CPT-11 combination as the primary adjuvant regimen. Patients whose disease recurred after primary platinum-based chemotherapy were then treated with various second-line chemotherapy agents including liposomal doxorubicin, gemcitabine, and docetaxel. Differing responses to these agents may have masked the effect of loss of ARID1A expression on overall survival in patients with ovarian clear cell carcinoma. It is unclear if the effect of ARID1A expression on platinum sensitivity has a primary role in the survival patterns seen in this study. Additional prospective studies that analyze ARID1A function in patients treated with clearly defined chemotherapeutic regimens are required to answer this question.
To our knowledge, this is the first report suggesting that loss of ARID1A protein expression is a marker of poor progression-free survival and platinum resistance in ovarian clear cell carcinomas. This study is limited by its small size given the relative rarity of ovarian clear cell carcinoma. Larger prospective trials are needed to confirm our findings and to more fully explore the role of ARID1A in ovarian clear cell carcinoma behavior.
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